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Research Advance on Diketopiperazines Produced
by Marine Microorganism
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Abstract: The basical structure of diketopiperazines is a cyclic dipeptide condensed by two amino acids.
Because of the stable framework of the six-member ring structure, and having two hydrogen bond donor and
two hydrogen bond receptor, DKPs have become important chemical pharmacophores, with strong biologi-
cal activities and pharmacological activities in the drug. A series of cyclic compounds were found from ma-
rine organisms in recent years, research showed that their functions are not limited on anti-bacterial, cyto-
toxic activity, and so on, but also playing an important role in regulatory mechanism of quorum sensing as
signal molecules, they have become research hot point in ecological chemistry. This paper reviewed the re-
search progress of diketopiperazines found in the marine microbial metabolites, and the future study trends
was discussed and outlooked.
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DKPs!! -8

s DKPs
[9,10] [11,12]

[13-15]

1 W m AR ™ ¥ ity DKPs

DKPs cyclo-(L-Pro-L-Tyr) cyclo-(AAla-
) L-Val) >

DKPs, Pseudomonas aeruginosa

Pseudomonas mirabilis Citrobacter

freundii

Enterobacter agglomerans
[13,14]

, DKPs( 1)
F1 BFHEVKEFmENES ZRREEL SR
Table 1 Some diketopiperazines from marine microorganism and their functions
Strains Diketopiperazines Activity Source
cyclo-(Leu-Ala)'  cyclo-(Leu-Gly)® cyclo-(Ile-
Ala)®  cyclo-(Val-Ala)*  cyclo-(Ala-Phe)’ 10
cyclo-(Phe-Gly)® cyclo-(Tyr-Gly)” cyclo-(Pro-
Marine actinomycete Y 9 ( ) y9 (Tyr-Gly) <y (10 tsFT210
11014!5) Tyr)® cyclo-(Pro-Phe)” cyclo-(4-OH-Pro-Phe)
cyclo-(Pro-Val)'' cyclo-(Pro-Leu)'? cyclo-(4-
OH-Pro-Leu)"
cyclo-(L-Leu-L-Pro) ' cyclo-(D-Val-L-Pro) *
Mari p . cyclo-(Gly-L-Leu)® cyclo-(L-Pro-L-Try)* cyclo- tsFT210
H;(l;g;e“e;]c IO (Gly-D-Phe)’ cyclo-(Gly-L-Pro)°® cyclo(L-Ala-
L-Phe)’
1-2 h
1 2 ep2
Marine actinomycete cyclo-(Phe -Phe) " cyclo-(Leu-Ile) henG2
Streptomyces sp. (195-02) " P
; ; cyclo-(Val-Pro)!  cyclo-(Pro-Tyr)* cyclo-(Gly- * * 3 tsFI210
gg;?g;;;gogyé‘?;s[m Pro)’ cyclo-(Pro-Ile)* cyclo-(Leu-Pro)°®
cyclo-(Gly-Ala) " cyclo-(Gly-Pro)* e
Marine actinomycete cyclo-(Leu-Tyr)* cyclo-(Val-Leu)* cyclo-(Val- K562
S10011 Ile)®  cyclo-(Phe- Gly)°
. . cyclo-(Ala-Val) '  cyclo-(Ala-Pro) *  cyclo-
Marine actinomycete 3
A20021) (Pro-Tyr)
cyclo-L-tryptophyl-L-proline' N-Prenyl-cyclo-
) L-tryptophyl-L-proline® tryprostatin  B® 2
Xl_e}r_lln ic[zflllmgus demethoxyfumltremorgin C* fumitremorgin C
cyclotryprostatins B® fumitremorgin B’
) ) cyclo-(Leu-Ile) ' cyclo-(Val-Leu)? cyclo-(Ala-
y:éillriﬁsb:lfg?irﬁl 022! Val)® cyclo-(Ala-Ile)* cyclo-(Ala-Leu)®
cyclo-(Ala-Leu)! cyclo-(Ala-Ile)* cyclo-(Val- 5
Marine bacteria Pro) * cyclo-(Leu-Pro) * cyclo-(Ile-Pro) °
F8712>! cyclo-(Leu-Val) ®
. . pyrrolo[1,2-a]piperazin3, 6-dione'
Marine bacteria . . s
Bacillus sp." 3-methyl-2,5-piperazinedine
. UA-086 UA-0 89
Marine bacteria cyclo-(Phe-Pro) Ulva californica
Bacillus isolate (UA-094) !
cyclo-(D-Pro-D-Phe)'  cyclo-(D-Pro-D-Leu)? 1-5 Vi
. . 3 4
Marine bacteria cyclo-(D-Pro-D-Val) cyclo-(D-Pro-D-Ile) anguillarum

CF-20, C-148 29

cyclo-(trans-4-OH-D-Pro-D —Phe)’

ht1597p:/fjournals.im.ac.cn/wswxtbcn
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Strains Diketopiperazines Activity Source
cyclo-(L-Pro-L-Leu)’  cyclo-(L-Pro-L-Val) Tedan ia

Sponge-associated bacteria
Micrococcus sp. 27!

Sponge-associated bacteria
Pseudomonas aeruginosal®!

Sponge-associated bacteria
Bacillus sp. TV-2*

Sponge-associated bacteria
Alcaligenes faecalis A728"

Sponge-associated bacteria
Pseudoalteromonas sp. NJ6-3 -15']

cyclo-(L-Pro-L-Ala)*

cyclo-(L-Pro-L-Val)' cyclo-(L-Pro-L-Leu)?
cyclo-(L-Pro-L-Ile)’ cyclo-(L-Pro-L-Met)*
cyclo-(L-Pro-L-Phe)’ cyclo-(L-Pro-L-Tyr)°
cyclo-(cis-4-OH-D-Pro-L-Leu)'  cyclo-(trans-4-
OH-L-Pro-L-Leu)’ cyclo-(trans-4-OH-L-Prol-L-
Phe)’ cyclo-(Gly-L-Leu) * cyclo-(L-Pro-L-Tyr)’
cyclo-(D-Pro-L-Tyr)® cyclo-(cis-4-OH-D-Pro-
L-Phe)’

1

cyclo-(L-Pro-L-Phe)'  cyclo-(L-Pro-L-Leu)?

cyclo-(AVal-L-Val)'
cyclo-(L-Pro-L-Leu)*

cyclo-(L-Phe-L-Val)*

ignis

Isodictya setifera

Naples

Ircinia variabilis

Staphylococcus aureus

Stelletta tenuis

Hymeniacidon

perleve
1-2
Mangrove endophytic fungus cyclo(Pro-Thr)"  cyclo(Pro-Tyr)*
Penicillium sp.09350305*
L HepG-
cyclo-(Phe-Ile)'  cyclo-(Phe-Val)>  cyclo-(Ile- LNCaP
Mangrove fungus Leu)’ cyclo-(Val-Val)* cyclo-(Pro-Val)’ 2
Penicilli licum®*! -(Pro-Gly)® ’
enicillium axalicum cyclo-(Pro-Gly) PSA)
dooh . cycol-(Leu-Leu)' cyclo-(Ala-Leu)? cyclo-
M .
Cea;lgloovs?)g?iu?r? sgflgogg[%zs (Leu-Tle)* cyclo-(Pro-Tle)* cyclo-(Phe-Gly)®
- - 1 - - 2 - -
Mangrove endophytic fungus f:rycl(; (Pro-Ile)” cyclo-(Phe-Gly)~ cyclo-(Pro
13567133 yr)
lo-(Tyr-Tyr)' lo-(Leu-Leu)’ lo-(Ala-
Mangrove endophytic fungus ;ycg( yrIyr)' - eyelo TR eyelo(Ala
194789 o)
, IV-1  Bacillus sp. TV-2 7  DKPs I
(D
, DKPs, Stelletta tenuis
Alcaligenes faecalis A72
cyclo-(L-Pro-L-Phe) cyclo-(L-Pro—L—Leu)[3O];
, (Hymeniacidon
7391 1988, Stierle Tedania ignis perleve) Pseudoalteromonas sp. NJ6-3-1
Micrococcus sp. 3  DKPs, cyclo-(AVal-L-Val) cyclo-(L-Phe-L-
cyclo-(L-Pro-L-Ala) cyclo-(L-Pro-L-Val) Val) cyclo-(L-Pro-L-Leu) P 1g-i)
cyclo-(L-Pro-L-Leu) P/ 1b e f) 1996 NJ6-3-1
Jayatalike Isodictya setifera , DKPs,
Pseudomonas aeruginosa cyclo-(L-Pro-L- cyclo-(Pro-Gly) cyclo-(Phe-Gly) cyclo-(Ala-Leu)

Tyr)

cyclo-(L-Pro-L-Phe)

cyclo-(L-Pro-L-Met)

>

DKP

cyclo-(L-Pro-L-Val) cyclo-(L-Pro-L-Leu) cyclo-(L-
Pro-L-Ile) ®*( 1a c-f 1) De Rosa
2003 Ircinia variabilis Staphylococcus sp.

http://journals.im.ac.cn/wswxtbcn
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0 0 0
OH
NH NH NH
0

0 0
3-(4-hydroxybenzyl)-hexahydropyrrolo[1,2-a] hexahydro-3-methylpyrrolo[1,2-a] 3-benzyl-hexahydropyrrolo[1,2-a]
pyrazine-1,4-dione pyrazine-1,4-dione pyrazine-1,4-dione
(a) cyclo-(L-Pro-L-Tyr) (b) cyclo-(L-Pro-L-Ala) (c) cyclo-(L-Pro-L-Phe)
0 0 (0]
I C[/LNH NH
N N N
S/ w/‘—<
0] 0 0
hexahdro-3-(2-(methylthio)ethyl)pyrrolo[1,2-a] hexahydro-3-isopropylpyrrolo[1,2-a] hexahydro-3-isobutylpyrrolo[1,2-a]
pyrazine-1,4-dione pyrazine-1,4-dione pyrazine-1,4-dione
(d) cyclo-(L-Pro-L-Met) (e) cyclo-(L-Pro-L-Val) (P eyclo-(L-Pro-L-Leu)
0 0 0
NH WNH N
(0] 0 (0]
3-benzyl-6-isopropylpiperazine-2,5-dione 3,6-diisopropylpiperazine-2,5-dione 3-sec-but:)];]:;{: :_ };dfg]}:)r[:g lof1.2-a]
(g) cyclo-(L-Phe-L-Val) (h) cyclo-(AVal-L-Val) (i) cyclo-(L-Pro-L-Ile)
1 AEBSHEMAET LIAES DKPs
Fig. 1 DKPs founded in sponge-associated bacterium
DKP DKPs R
DKPs R
DKPs [40—43]
1356 3 DKPs
DKPs, cyclo-(Pro-Ile)  cyclo-(Phe-Gly) [15-19,22-26] Alcaligenes faecalis
cyclo-(Pro-Tyr) B3, AT72 cyclo-(L-Pro-L-Phe) 1%
1497 Cephalosporium Pseudoalteromonas luteoviolacea
34,36
sp. 2090 DKPsP+¥lC 1) cyclo-(L-phenylalanyl-
s 4R-hydroxyl-L-proline) 4+
2 WM AEY Y DKPs B RN
DKPs s

DKPs , DKPs : (1]

ht1599p:/fjournals.im.ac.cn/wswxtbcn

© PERFRMEDHRAETIFESMwIES http://journals. im. ac. cn



1600 R L X R

2009, Vol.36, No.10

11014
cyclo-(trans-4-OH-L-Pro-L-Phe)
tsFT210 , 5 pg/mL
cyclo-(Leu-Ala)

cyclo-(Pro-Tyr)

48.3%,
cyclo-(Ile-Ala) cyclo-(Val-Ala)
cyclo-(Pro-Phe) cyclo-(Pro-Val)

el H2003
cyclo(L-Leu-L-Pro)

tsFT210 , 0.952 mmol/L
43.89% + 1.837% : (sl
Streptomyces sp. 3275
cyclo-(Pro-Tyr) cyclo-(Gly-Pro) cyclo-
(Leu-Pro) tsFI210
[17]
Streptomyces sp. (195-02) cyclo-(Phe-
Phe) cyclo-(Leu-Ile),
50 pg/mL hep2 51%
47%, hepG2 40% 31%
(191 S1001 cyclo-
(Gly-Pro) cyclo-(Leu-Tyr) cyclo-(Val-Ile)
K562 ,
10 umol/L 15.4% 19.3% 18.6%
DKPs ,
DKPs ]
F8712 cyclo-
(Ile-Pro) (Vibrio anguillarm)

,  MIC 0.07 pg/mL Fdhilal"!
cyclo-(Pro-Tyr)
(Pro-Phe) cyclo-(4-hydroxyl-Pro-Ieu)
Ieu), Vibrio anguillarum ,
MIC 0.07 pg/mL 0.03 pg/mL 0.05 pg/mL

0.05 pg/mL [24]

cyclo-

cyclo-(Pro-

Bacillus sp.
[1,2a] -3,6-
3- -2,5- ,

[32]

(Acrostichum aureurm)
0935030
cyclo-(Pro-Thr), cyclo-(Pro-Tyr),

Penicillium sp.

[33]

http://journals.im.ac.cn/wswxtbcn

(Penicillium axalicum)

6 DKPs( 1),
cyclo-(Phe-Ile) cyclo- (Ile-Leu) cyclo-(Pro-Val)
50 pg/mL HepG-
31% 32% 17%

50% 43%  53%
cyclo-(Val-Val)
(PSA)

3 DKPs 2515 5&8 KA R

113 ”

LNCaP
cyclo-(Phe-Val)

(Quorum)
(Sensing), R
[46]

B

(Autoinducer, Al) ,

>

[47-51]

(AHL) (52]
(AIP)DS] [54,55]
(AI-2)
, DKPs

(AHL)

LuxR

Chromobacterium violaceum,
L,L-

AHL-
E. coli

>

cyclo-(D-Ala-L-Val) cyclo-(L-Pro-L-Tyr) !'*!
cyclo-(L-Phe-L-Pro)  cyclo-(L-Pro-L-Leu) %,
Lux R

, cyclo-(D-Ala-L-Val) cyclo-
(L-Pro-L-Tyr) cyclo-(L-Phe-L-Pro)
3-0x0-C6-HSL s DKPs

Lux R E. coli cyclo-
(L-Pro-L-Met)  C4-HSL ,
swrl , (Swarming)
[13]’
; , cyclo-(L-Pro-L-Tyr) S. lique-
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faciens swrl
[57]
Holden 3!
s LuxR
, LuxR- based
(58] DKPs
, DKPs
Mitova [
DKPs,
[30]

>

Stelletta tenuis
cyclo-(L-Pro-L-Phe)

Alcaligenes faecalis A72
cyclo-(L-Pro-L-Leu),

1) DKPs
5 3) ,

; 2) DKPs

, DKPs
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